Abstract Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease in childhood. Enthesitis-related arthritis (ERA) is one of the seven JIA subtypes classified by the International League of Associations for Rheumatology (ILAR). Due to inclusion and exclusion criteria, a pitfall of the ERA category is that it does not include all subsets of juvenile spondyloarthropathy, with many children ending up in the undifferentiated category. The ERA nomenclature also does not have a method for distinguishing between axial and peripheral disease, two phenotypes which vary in presentation and treatment requirements. This distinction is very important given the overall poor prognosis seen in ERA patients, specifically in those with axial involvement. Since axial involvement is more common and presents earlier than previously thought in ERA, the pediatric rheumatology community should develop more accurate and sensitive classification criteria based on disease course to assist in improving timely diagnosis and appropriate management.
Introduction
Nomenclature of the chronic arthritides of childhood has undergone evolution over time but remains confusing to the nonexperienced and controversial among experts. Enthesitisrelated arthritis (ERA) is one of the seven juvenile idiopathic arthritis (JIA) subtypes classified by the International League of Associations for Rheumatology (ILAR). The ILAR criteria are meant to encompass most children with disease previously classified under juvenile spondyloarthropathy (JSpA), syndrome of seronegative enthesitis and arthritis (SEA), or juvenile ankylosing spondylitis (JAS). One drawback of the ERA category is that it does not include all of the subsets of juvenile spondyloarthropathy and specifically excludes juvenile psoriatic arthritis (JPsA). It also does not distinguish between the two phenotypes of ERA, axial and peripheral disease. This distinction is vital given differing response to medications and the overall prognosis. Axial disease, at times asymptomatic, is more common earlier in the disease process than previously thought. This phenotype of ERA with axial involvement may require a different approach to management compared to peripheral disease to achieve a therapeutic response and halt progressive damage. The pediatric rheumatology community should address these shortcomings of the ILAR classification criteria in order to develop more accurate and sensitive classification criteria and thereby assist in improving research, timely diagnosis, and appropriate management.
Classification Criteria
Juvenile Idiopathic Arthritis JIA, the current classification system used by most, consists of a heterogeneous group of diseases whose mutual characteristic is chronic inflammatory arthritis. Older American College of Rheumatology (ACR) criteria defined three subsets of juvenile rheumatoid arthritis (JRA): pauciarticular, polyarticular, and systemic. Because of the understanding that the inflammation of ankylosing spondylitis may start in childhood, in 1982, Rosenberg and Petty proposed criteria for syndrome of SEA [1] . SEA delineated a group characterized by the presence of enthesitis with arthralgia or arthritis who had negative rheumatoid factor and antinuclear antibody. The authors hoped in characterizing SEA they could identify those children who would develop spondyloarthritis over time. In 1997, ILAR proposed classification criteria for JIA replacing JRA in the USA and juvenile chronic arthritis (JCA) in Europe. Modifications in 2004 resulted in the current ILAR criteria, which classify JIA into seven subtypes in an effort to create more consistency within the groups [2] (see Table 1 ).
Enthesitis-Related Arthritis ERA is one of the ILAR subtypes, encompassing 11-16 % of all children with JIA [3] . Enthesitis is defined as inflammation of the attachment sites of tendon, ligament, capsule, or fascia into bone, with the classic clinical presentation of Achilles tendonitis and enthesitis (Fig. 1) . ERA classification requires the presence of arthritis and enthesitis or either arthritis or enthesitis alone if at least two of the following are present: sacroiliac joint tenderness, inflammatory spinal pain, HLA-B27 positivity, male sex with onset of symptoms after 6 years of age, or a family history of HLA-B27 disease in a first-or second-degree relative. Exclusion from the ERA subtype occurs in the presence of psoriasis, often placing those children with psoriasis and features of ERA in the undifferentiated Arthritis that fulfills criteria in no category or in ≥2 of the above categories
Refer also to reference [2] . Exclusions are as follows:
a. Psoriasis or a history of psoriasis in the patient or a first-degree relative b. Arthritis in an HLA-B27-positive male beginning after the sixth birthday c. Ankylosing spondylitis, enthesitis-related arthritis, sacroiliitis with inflammatory bowel disease, Reiter's syndrome, or acute anterior uveitis, or a history of one of these disorders in a first-degree relative d. Presence of immunoglobulin M rheumatoid factor (RF) on at least two occasions at least 3 months apart e. Presence of systemic JIA in the patient category. Similarly, if a child with psoriasis and arthritis is male with HLA-B27 positivity, or has a family history of spondyloarthritis, they are excluded from the psoriatic category and placed in the undifferentiated arthritis category.
Juvenile Spondyloarthropathy
While the JIA classification criterion was evolving, there was a different nomenclature often used to refer to those at risk for axial spine inflammation. The term juvenile spondyloarthropathy (JSpA) refers to a group of inflammatory conditions in children characterized by arthritis, certain genetic associations (including presence of HLA-B27), enthesitis, and increased risk of inflammatory back pain [4, 5] . JSpA includes SEA, ERA, JAS (used when there is radiographic evidence of axial inflammation), reactive arthritis (ReA), JPsA, and undifferentiated arthritis. These patients are characterized by asymmetric, predominantly oligoarticular lower extremity arthritis along with enthesopathy, a family history of similar disease, negative rheumatoid factor (RF), and positive HLA-B27 antigen. Predominance in males and an older age of onset further characterized this group. In adults, the prototypical disease is ankylosing spondylitis. It was thought that axial disease was uncommon in JSpA at presentation but could develop much later in the disease process. JIA was meant to incorporate JSpA in the ILAR nomenclature, but JSpA is still commonly used and can lead to confusion [1, 4, 5, 6•, 7] .
Juvenile Psoriatic Arthritis
Since the inception of the ILAR criteria, there has been debate regarding several aspects of the ERA subtype. JPsA was specifically excluded from the ERA subtype and placed into a separate category. A study evaluating JPsA has shown two distinct phenotypic groups of patients [8] . There is a younger (<5 years of age) group with peak age of onset of 2 years whose arthritis is more likely to exhibit dactylitis and small joint involvement. These children are more likely to be female and have a positive anti-nuclear antibody (ANA). An older male group tends to present with more enthesitis, axial disease, and persistent oligoarthritis [8] . Older male pediatric patients who meet the current criteria for JPsA actually share more similarities with ERA patients without psoriasis [8, 9••] . In a study examining disease manifestations and course in a group of children with JPsA, they did not appear to form a distinct subgroup of patients; rather, they fell in to one of existing ILAR classifications, suggesting that this category may not be as useful as originally thought [8] .
Comparison of Juvenile Spondyloarthropathy Criteria
Several other classification systems have attempted to categorize children with chronic inflammatory arthritis who fulfill the criteria for ERA. One study compared the SEA criteria, Garmisch-Partenkirchen criteria, atypical spondyloarthropathy criteria, Amor criteria, and European Spondyloarthropathy Study Group (ESSG) criteria for sensitivity and specificity in classifying JSpA [7] . The criteria that are used primarily in children (the SEA criteria, GarmischPartenkirchen criteria, and atypical spondyloarthropathy criteria) were not able to fully differentiate between JSpA and other forms of JIA. The adult criteria, the ESSG and Amor criteria, were able to diagnose definite JAS, but not undifferentiated forms of JSpA. Therefore, none of these systems were found to be ideal and the authors concluded that new criteria need to be developed [7] .
Adult Spondyloarthropathy
Compared to pediatric-onset disease, adult-onset spondyloarthropathy (SpA) has more axial involvement (95 versus 74 %), more radiographic changes, and more functional limitations [10] . Juvenile-onset spondyloarthropathy tends to have more episodes of acute uveitis and more commonly reached remission in one study [10] . There were no differences between adult-and pediatric-onset disease in gender, HLA-B27 status, ethnicity, tender and swollen joint counts, the presence of enthesitis, or joint replacement or spinal surgery rates [10] . Another study reported similar findings with increased peripheral arthritis and decreased back pain in the juvenile-onset patients but conversely found that patient global scores were worse in juvenile-onset as compared to adultonset disease [11••] . While there are differences between pediatric-and adultonset spondyloarthropathy, the recent adult criteria updates may inform the development of improved pediatric criteria. The modified New York criteria for adult spondyloarthropathy require 3 months of inflammatory back pain with radiographic evidence of inflammatory spinal changes [12] . With the recognition that radiographic changes are not consistently present in early disease and are possibly more representative of Fig. 1 A 15 -year-old boy with HLA-B27 positivity, bilateral ankle arthritis, diffuse Achilles tendonitis, and enthesitis damage than active inflammation, new guidelines were published by the Assessment of SpondyloArthritis international Society (ASAS) in 2009 [13] . Adult axial spondyloarthropathy is now defined by those with more than 3 months of back pain either with sacroiliitis on radiographs or MRI and one typical spondyloarthropathy feature, or alternatively by those with a positive HLA-B27 and two typical spondyloarthropathy features. Typical spondyloarthropathy features include inflammatory back pain, arthritis, enthesitis, uveitis, dactylitis, psoriasis, inflammatory bowel disease, positive clinical response to NSAIDs, family history of spondyloarthropathy, positive HLA-B27, and elevated CRP [13] . These updated criteria are assisting medical providers in earlier diagnosis and implementation of therapy.
Axial Versus Peripheral Disease in ERA
The use of various classification schemes over time to diagnose this subtype of arthritis has made it difficult to discern the natural history of ERA and to target appropriate treatment. Based on recent data, it appears that common theories on the presentation and progression of this disease are not accurate. In the past, axial involvement at diagnosis was felt to be rare while peripheral arthritis and enthesitis were much more commonplace in children [5, 10] . Children with ERA were expected to develop axial involvement only after prolonged inflammation. However, one study showed that 66-75 % of HLA-B27-positive JCA/JRA patients and 70-90 % SEA patients fulfilled the criteria for ankylosing spondylitis 5-10 years after the onset of symptoms [14] .
Newer evidence suggests that axial involvement occurs much earlier. Two distinct phenotypes for ERA, those with predominantly axial or peripheral disease, appear to be emerging, each with a unique presentation, treatment requirement, and prognosis. Patients with axial ERA tend to be older with an average age of onset of 11 years and 4 months, have HLA-B27 positivity (83 %), have hip arthritis along with sacroiliac and lumbar spine symptoms, and more commonly have acute anterior uveitis or inflammatory bowel disease. The peripheral ERA cohort is younger with the average age of 9 years and 8 months, less commonly HLA-B27 positive (49 %), and has more ankle arthritis and enthesitis. The patients with axial disease seem to respond readily to anti-tumor necrosis factor (TNF) medications, a phenomenon also seen repeatedly in the adult literature [15•] . Several studies have shown a lack of efficacy for DMARDs in axial disease [16] [17] [18] . Additionally, there is evidence in the adult literature that while symptoms can be well controlled by anti-TNF agents, radiographic progression may be difficult to halt once initiated [14, 19, 20] . This suggests that there may be a window of opportunity in children to intervene early in ERA to avoid chronic axial complications. However, more research is needed to identify those children in whom early treatment would be beneficial.
Increased utilization of MRI has allowed us to detect silent and early sacroiliac disease, particularly when the MRI is enhanced by contrast [21] . One study suggested that axial involvement can be seen in over half of patients with ERA after 2-3 years of disease and can be seen on MRI in 10 % prior to clinical symptoms [15•] . In most ERA patients, the sacroiliac joints are the first area of axial involvement [6•] . Registry data from the Childhood Arthritis and Rheumatology Research Alliance (CARRA) demonstrated that 28 % of children had sacroiliac inflammation at diagnosis [22•] [24•] . Fifty three (37 %) of the children had sacroiliitis on physical exam or imaging. Eleven of these 53 patients (21 %) had silent disease with no back pain, stiffness, or abnormal exam reported. Inflammation was seen on MRI in 7, in plain radiographs in 8, and on both methods of imaging in 4 [24•] . This is similar to an earlier report that 20 % of JSpA patients have sacroiliitis on MRI despite lack of axial symptoms [25] . Another recent retrospective study revealed that the majority (93 %) of the participating ERA patients had MRI evidence of inflammation in either the sacroiliac joints (78 %), the lumbar spine (67 %), or both (52 %). The average interval between diagnosis and the MRI was 3.8 years [26••] .
Prognosis in ERA
The literature demonstrates an overall poor prognosis for ERA patients. The very nature of ERA with initially vague and sometimes intermittent symptoms as well as the insensitivity of plain films to early inflammatory sacroiliac disease leads to delays in diagnosis and treatment. Prior to the introduction of biologic medications, ERA had an 18 % probability of remission at a median of 16.5 years, which was less than oligoarticular JIA (54 %) and systemic JIA (47 %) [27] . Another study from the prebiologic period reported a remission rate of 44 % at 15.3 years [3] . Those who were not in remission had persistent sacroiliac disease (35 %) and reduced spinal flexion (75 %) at 15.3 years of disease, and need for anti-rheumatic drugs (45 %) at 23 years of disease. Predictors of failure to achieve remission included a first-degree relative with ankylosing spondylitis, HLA-DRB1*08, and ankle arthritis in the first 6 months of disease. Predictors of persistent sacroiliitis included a persistently elevated ESR and hip arthritis in the first 6 months of diagnosis [3] . Additional predictors of continued disease activity at 8 years were HLA-B27 positivity, enthesitis, sacroiliac symptoms, and hip arthritis [28•] . A study reviewing inactive disease at 1 year follow-up after starting TNF inhibitors reported similar outcomes for RF-negative polyarthritis (57 %), persistent oligoarticular arthritis (64 %), and psoriatic arthritis (60 %) but much lower rates of inactive disease for enthesitis-related arthritis at only 24 % [29•]. After 15.3 and 23 years of disease, children with ERA had lower levels of physical functioning, poorer physical health, and more pain compared to those with oligoarticular and polyarticular JIA [3] . A prospective study of JRA and JSpA (excluding patients with enthesitis only) also found that patients classified at the time as JAS, SEA, and RF-positive polyarticular JRA had the poorest physical functioning, highest pain, and worst well-being [19] . Studies in the biologic era revealed similar prognoses for these patients [30••, 31 ••]. The CARRA registry encompassing 268 children with ERA had similar results with reports of more frequent pain, with higher pain intensity, and impaired function in ERA compared to other JIA categories. Higher active joint counts and NSAID, biologic, and steroid use predicted worse scores on patient-reported measures on multivariable regression. Active enthesitis, SI tenderness, and NSAID use were associated with elevated pain intensity in ERA [31••] .
There is now a case report in the literature of serial radiographic studies of peripheral joints showing radiologic improvement in a child with ERA receiving anti-tumor necrosis factor therapy, supporting the theory that early intervention may affect outcome [32] . More research will need to occur to examine changes of radiographic progression in the axial skeleton.
Conclusion
The poor prognosis associated with enthesitis-related arthritis is multifactorial. Delayed diagnosis in general leads to delayed treatment initiation. Once the disease is diagnosed, the lack of recognition of early axial inflammation and the inefficacy of certain medication classes for axial disease lead to further delay in appropriate treatment. Sacroiliitis is known to be associated with increased morbidity and mortality in adults. Once axial damage has occurred, our current therapies may not always be able to halt further progression of the disease. The poor prognosis and evidence supporting silent, early axial disease should push the pediatric rheumatology community to develop more accurate and sensitive classification criteria incorporating what are known about different phenotypic manifestations of classic JSpA. Having a diagnosis that would follow a child into adulthood would be ideal. This would be a first step in improving time to diagnosis and developing appropriately targeted therapy early. This is of paramount importance in these children to attempt to achieve disease remission and to avoid future complications and disability.
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